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Description 



The present invention relates to macromolecular CDP-choline derivatives obtained by covalent bind- 
ing on macromolecular matrices having carboxy groups, processes for the preparation thereof and \ 
5 pharmaceutical compositions containing them. J 
CDP-choline represents the "active" form of choline and it is a key intemiediate in the choline phos- 
pholipid biosynthesis (Kennedy E.P. in "Novel Biochemical Pharmacological and Clinical Aspects of 
CDP-choline", Zappia V. el al., eds. Elsevier N.Y., 3, 1985), 
CDP-cho!ine Is on its turn biosynthesized from P-choline and CTP by means of the choline-phosphate- 
10 cytidinetransferase enzyme, isolated from the microsomial fraction. 

- The formation of CDP-choline represents the slowest step, thus limiting the whole phospholipid meta- 
bolic pathway (Vance D.E. et al., TIBS, 4, 145, 1979): the cellular concentrations of said metabolite play 
therefore a critical role in the regulation of the phospholipid biosynthesis. 
As a consequence of its biochemical roles, the main pharmacological use and prescription of CDP- 
15 choline lays in a series of impainnenJs of the Central Nervous System, wherein the structural and func- 
tional integrity of the phospholipidic membranes is critical. 

The pharmacological activity of tiie molecule has been shown under different clinical conditions such 
as cerebral apoplexy, different kinds of cerebrovasculopathies, Parkinson's disease, cranial traumatii- 
ology and consequences thereof (in "Novel Biochemical, Pharmacological and Clinical Aspects of CDP- 
20 choline", Zappia et al., eds. Elsevier N.Y., 285, 1 985). 

The biochemical background underlying such a kind of pharmacology envisaging tiie use of a molecule 
deriving from the cytoplasmatic biosynthesis as a drug, Is based on the hypothesis that administration of 
remarkable amounts of said precursor of phospholipids contributes to the re-synthesis and to tiie repair 
of the damaged cerebral membranes (Alberghlna et al„ J. Neuroscience Res., 6, 421 , 1981 ; Alberghina et 
25 al., J. Neuroscience Res., 6, 719, 1981; Trovarelli G. et al., Neurochem. Res. 6, 821, 1981). It has been 
moreover shown tiiat a series of complex biochemical effects of regulatory type, not directiy due to the 
biosynthesis of choline lipids, play an important role in the definition of the therapeutic properties of 
CDP-choline (Martinet M. et al., Biochem. Pharmacol. 30, 53, 1981; Shibuya M. et al., J. Phamiacol., 31, 
47 1981; Faryna De Raveglia I et al., Neurochem. Res. 7, 37, 1982; Algate D.R. et al., Arzneimittei For- 
30 schung Drug. Res., 32, (II). 1022, 1983; Braso M.A. e al., Arzneimittei Forschung Drug. Res.. 32, (II), 
1043, 1983). 

Pharmacodynamics study at molecular level, earned out using (5-3H; Met-i^C)CDP-choIine on differ- 
ent experimental models such as isolated and perfused rat liver, the rat (De Rosa M. et al., in "Novel Bio- 
chemical, Pharmacological and Clinical Aspects of CDP-choline". Zappia et al., eds. Elsevier N.Y., 139. 
35 1985) and cultured cerebral cells (Veochini A. et al., Neurochem. Res. 8, 333, 1983). show that tiie mole- 
cule is actively metabolized. The choline and cytosine components of the drug are found in the lecithin 
fraction and in the nucleic acids, respectively. ...... . , ^ ^ 

The pharmacodynamic experimentation, carried out on the doubly labelled molecule, shows tiiat the ad- 
ministrations by the intravenous and oral routes are generally comparable as far as the drug bioavalla- 
40 bility and tiie amount of the excretory phenomena of the structural labelled components are concerned, 
whereas significant differences are noticed in tiie evolution of the pharmacodynamic pattern and In the 
nature of the labelled molecular species. . i j 

CDP-choline is mainly administered by parenteral route but recentiy, also In consideration of deeper 
knowledge acquired on th§ pharmacodynamics of the molecule, tiie dmg's administration by tiie oral 
45 route attracts considerable interest. _ . . ^r^n u ' 

For example FR-A 2 480 603 discloses a phannaceutical composition obtained by mixing CDP-choline 
and phospholipids and optionally adding a protein and a reticulating agent with the aim of stabilizing the 
composition, which is suited for oral use. 

In principle the binding of drugs to polymers to enhance the bioavailability is known. JP-A 5 821 428 
50 (C.A. 99, 110742V) teaches the preparation of sustained-release neoplasm Inhibitors by binding the in- 
hibitors to aminoacid polymers. 
However tiiis is not known for CDP-choline. 

CA 91: 1558436 discloses CDP-dioline conjugates to proteins, Sepharose® or Rcoll® for use in the 
diagnois of reactive proteins in serum. 
55 Particularly, the possibility of devising therapeutic indications in fields such as that of aging, makes 
up-to-date slow-release, oral administration fonns, which are more suited for prolonged treatments, 
grant a unifomri and continuous availability of the active principle. 

The CDP-choline derivatives object of the present invention fulfil said requisites. The present inven- 
tion relates to macromolecular CDP-choline derivatives wherein CDP-choline is covalentiy bonded to a 
60 polymer matrix containing Carboxy groups, by means of amide bonds involving said Carboxy groups and 
the NH2 group in 4 on the aromatic nucleus of the CDP-choline and/or by means of ester boards be- 
tween said cerboxy groups and tiie OH group in 2' and 3' of ribose. 

The used functionalization strategy is based on the binding of CDP-choline to macromolecular ma- 
trices by means of biodegradable covalent bonds, l.e. so as to be cleaved by tiie enzymes and by tiie 
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chemico-physical conditions existing in the organism, providing a gradual release of the active principle, 
which is metabolized. 

A series of analogues has been synthesized in order to better analyze the structure-function ratio 
underlying the slow-release mechanism and the structure protection of the active principle, characteriz- 

5 ing this class of CDP-choline derivatives. 

The insertion of the drug into a macromolecular matrix modifies in fact in a remarkable manner the 
structural identity of the active principle, which is not recognized by the degradative enzymes. 

In the case of oral formulations, the polymer containing CDP-choline acts at the gastro-enteric appa- 
ratus level as a reservoir, vi^erein the molecular structure of the active principle is presented and from 

10 which the CDP-choline release takes place gradually. The drug release, by cleavage of the covalent 
bonds binding CDP-choline to the polymeric matrix, is due to the enzymes and to the chemico-physlcal 
characteristics of the gastro-enteric medium. Once released the drug, the macromolecule acting as a 
canrier, if not biodegradable, ts excreted by the faecal route, being not absorbed at the gastro-enteric 
level because of its high molecular weight. 

15 For the parenteral formulations the molecular mechanism of the active principle release is similar to 
that above described for the oral fomis. In this case, the characteristics of the carrier polymeric matrix 
must be so as to allow the elimination by the urinary route or due to its biodegradability or since its molec- 
ular weight allows the elimination thereof in the urine through the glomerular barrier. 
The functionalization strategy of CDP-choline according to the invention is extremely interesting not 

20 only with respect to the previously mentioned phannacological mechanisms, but also for the easiness of 
tfie drug optimization as a function of the chemical nature of the polymer, of its molecular weight, of its 
cross-linking degree and of the number of covalent bonds with the active principle. The high versatility 
of the macromolecularization process of CDP-choline is original and constitutes one of the characteriz- 
ing element of the derivatives object of the present invention. 

25 The functional groups present on CDP-choline, which may be used for the formation of covalent 
bonds with tiie macromolecular structure, are the NH2 group in 4 on the aromatic nucleus and tiie OH 
groups in 2' and 3' on the ribose. The need of obtaining easily biodegradable bonds limit the synthetic 
possibilities to the formation of the ester and amide bonds, using polymeric matrices having carboxy 
groups. Examples of said polymeric matrices include, for instance, polymers such poiyacrylic, polymeth- 

30 acrylic, polymaleic acids, polyamino acids (polyglutamates, polyaspartates) optionally copoiymerized witii 
potyacrylates, polymethacrylates and polyacrylamides. A number of synthetic strategies may be 
followed for the preparation of macromolecular CDP-choline derivatives; some alternative possibilities 
for tiie various steps characterising the synthetic scheme are listed hereinafter, witiiout any limiting 
scope. 

35 

a) Macromolecularization : it can be performed eittier binding CDP-choline to a preformed polymeric 
matrix or by polymerization of CDP-choline derivatives acylated with poiymerizable carboxy adds In con- 
ditions not degrading the active prindple. 

b) Activation of the carboxy moietv : the carboxy moiety in order to give rise to the formation of ester- 
40 or amide-type bonds with CDP-choline, asks for a previous activation^ for instance as an anhydride, 

chloride or imidazolide. The activation reaction as chloride or imidazolide is carried out in an anhydrous 
medium, using the conventional halogenating reagents for the chlorides and carbonyldiimidazoie for the 
imidazolides. The reaction yields are quantitative and tiie solution of the activated derivative may be di- 
rectly used to acylate CDP-choline. 
45 c) Reaction medium.: the acylation reaction must be preferably earned out in a non-aqueous medium to 
obtain high yields. 

Since CDP-choline, owing to its ionic character, is insoluble even in very polar solvents such as dimetii- 
yiformamlde, it is necessary to use CDP-choline salts witii highly lifxiphilic counter-tons, such as the tet- 
rahexyiammonlum Ion. 

50 Thante to said expedient, tiie aqriation reaction of the CDP-choline tetrahexylammonium salt may be car- 
ried out in homogeneous phase, for instance In anhydrous dimethylformamide, by simply adding the acti- 
vated derivative of the add dissolved in tiie same solvent. 

d) Stoichiometrv of the acvlation reaction: the acylating reagent is generally used in a stoichiometric 
excess with respect to CDP-choline. In the case of acylation of the active principle whh activated deriv- 

55 atives of poiymerizable adds such as acrylic or methacryllc acids, up to 9 equivalents of acid per mole 
of CDP-choline are used. In the case of acylation of the active principle with polymers bearing activated 
carboxy groups, placed in repetitive and contiguous manner on the polymeric backbone, as for instance 
in tiie case of poiyacrylic acid, quantitative yields in the binding process of the active principle require 
stoichiometry even of 1 :30 as CDP-choiine moles: equivalents of acid groups in the polymer. In fact, 

60 due to its steric hindrance, a CDP-choline molecule bound to the polymeric matrix, tends to prevent new 
drug molecules from binding to the contiguous activated add sites. Once completed tiie CDP-choiine 
binding reaction, the activating groups present in excess may be removed either by H2O treatment or by 
treatment witii ethanol, forming ethyl esters, in the fonmer case, a polymer which at physiological pH has 
a mainly ionic character is obtained, while in tiie latter case the polymeric matrix turns out to be consider- 

65 ably more hydrophobia 
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e) Reaction kinetics: the acylation reaction mns more rapidly in the presence of catalysts such as py- 
ridine or dimethylaminopyridine. The high temperatures give shorter reaction times but above 70C the 
hydrolysis reaction of CDP-chollne at the ievei of the pyrophosphoric bridge occurs, which is an unde- 
sired side-effect; optimal temperatures for a fast acylation process with high yields range from 40 to 
60''C. Generally, the acylation reaction of CDP-choline takes place in high yields (> 90*C) and. accord- 
ing to the nature of the acylating reagent and to the reaction times, may involve one, two or ail three mo- 
lecular sites which may be acylated. f=or instance, using polymerfc matrices with activated carboxy 
groups, such as imidazolides, only the acylation of the NH2 moiety in 4 on the cytosine nucleus is ob- 
tained after reaction times from 48 to 96 hours. On the contrary, using as acylating reagents the imlda- 
10 zolides of monomeric polymerizable units, such as acrylic and methacrylic acids, in the same reaction 
times even the hydroxy moieties of the ribose component are acylated. 

PplYmerization: this synthetic step Is required when the fomiation of the polymeric skeleton Is a step 
subsequent to that of CDP-choline acylation. This Is generally earned out with unsaturated acids, such 
as acrylic or methacrylic acid, whose derivatives with the active principle may be then easily polymer- 
15 ized in the presence of catalysts such as ammonium persulfate In aqueous medium, oc 2,2'-azo- 
bispsobutyronltrile) in organic medium. The acylated derivative of CDP-choiine is first purified from the 
reaction mixture by precipitation with about 3 volumes of a slightiy polar organic solvent such as ethyl ac- 
etate and tetrahydrofuran. Since the polymerization of said highly hindering acylated CDP-choline de- 
rivatives may be prevented by steric factors, it is convenient to add polymerizable units acting as spac- 
20 ing groups, thereby forming a copolymer. In the case of mono- or dia^lated CDP-choline derivatives 
with acrylic add, good spacing groups may be for instance acrylic add Itself, acrylamide or metiiacrylic 
add. 

The polymerization reaction in aqueous medium may be carried out, for example, using mono- and di-acry- 
loyl-CDP-choline witii acrylic acid in a molar ratio of 1 :6. The reaction, carried out at room temperature 

25 under nitrogen In the presence of ammonium persulfate as a catalyst, Is completed in about 12 hours. In 
tills case, a cross-linked macromoiecule having molecular weight >5x103and<15x 10^ is obtained. 

9) Purification of the macromulecular CDP-choline derivative: the more effective purification system 
which may be used is the ultrafiltration, using membranes having appropriate "cut-off'. After removal 
under vacuum of tiie organic solvents possibly present, the polymer aqueous solution is ultra-filtered, 

30 allowing to recover the macromolecular fraction alone, which may be thereafter iyophillzed. This kind of 
process may be easily earned out at production level, using standard. Industrial ultrafiltration units. Al- 
ternatively, tiie derivative object of tiie invention may be precipitated from the aqueous solutions by ad- 
dition of hydrophilic organic solvents, such as tetrahydrofuran, acetone or butanol. 

35 The previously described syntfietic methods allow the preparation of a wide range of polymeric CDP- 
choline derivatives. Those having high molecular weight, which may be represented by tiie following for- 
mula: 




wherein n is an integer from 5 to 30 and X and X' may represent one of the following groups: 
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are preferably prepared using high molecular weight polymeric matrices having linear or cross-linked 
structure, whose carboxy groups, compatibly with the steric hindrances, are linked to the COP-choline, 
generally only through one of the three possible acylatlon sites, preferably the amine moiety in 4 on the 
cytosine nucleus. 

Using hydrosoluble polymeric matrices the CDP-choline derivatives remain soluble, giving viscous 
solutions. Increases in the cross-linking degree of the polymeric matrix involve a lower solubility and 
products with a lower amount of CDP-choline for unitary amounts of polymers. 

Low molecular weight ( < 20 x 103) polymeric CDP-choline derivatives of the cross-linked type, 
which may be schematically represented by the following formula 



NH 



-6- X->- 



NH 



55 



Wherein n is an integer from 1 to 10 the -NH-R-0- bridge has the following formula 
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and X and X- may represent one of the following groups 
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are preferably prepared by copolymerization of mono- or di-aqrlated CDP-dioline derivatives with un- 
saturated adds or other spacing monomeric units. „ j^fi„ttei„ e«ahi<> 
The poiymeric derivatives of CDP-choline in lyophilized form are white amorphous, indefinitely stable 
solids. Analogous stability is shown when the products are presented in aqueous solutions. 

a whole, the methods hereinabove described, for their easiness and low cost, may be easily ap- 

''"'^if comSnds^flhf inve^ due to their biological properties and their behaviour as P/t>dmgs of 
the known parent molecule, CDP-choline. may be conveniently used as achve pnnciples Ph™ceutH 
compositions suited for the oral or parenteral administrations, to be used for substantially the same 

'"Smpfe?o?path(!log?es which may be usefully treated with the compositions of the Invention Include: 

- sclerotic vasculopathles mainly interesting the cerebrovascular district; 

- short- and long-term treatment of cerebrovascular ictuses; 

- short- and long-term treatment of cerebral ictus consequences: 

- therapy of the partdnsonian syndrome, in particular Jn the atherosclerotic form; 

- antidepressive treatment; 

- treatment of traumatic cerebral: 

- prevention and therapy of the iailne membrane disease (IRDS); 

- therapy of acute and chronic hepatitis (viral hepatitis etc.); 

- therapy and prevention of the fat liver in alcoholics; 

- coadjuvant therapy in hepatic dnhosis; 

■ '?grpotS'ofTT^^^^^ invention will be determined by their CDP-*oline content, and 

will be so as to allow a daily administration of 1 00-1 .000 mg of CDP-choline. ^ , 

The compositions object of the invention will be fonnulated according to conventional methods, using 
conventional exdpients or carriers. 
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The following Examples, illustrating the preparation and the biological experimentation of a series of 
polymeric derivatives of CDP-choline, concem only some of the numerous possibilities which may be 
proposed and do not limit therefore the scope of the invention. 

■ 5 EXAI\/1PLE 1 

50 Grams of CDP-choline (0.1 mole) were neutralized with 0.1 mole of tetrahexylammonium hydroxide. 
After remotion of water by freeze-drying, the salt was dissolved in 2.5 I of anhydrous dimethyHorma- 

mide (Dh/iF). 

10 3 Equivalents~6f polyacryllc acid (equivalent weight of the monomefic unit: 70), Mw 2.5 x 10^, dis- 
solved in 2.5 1 of anhydrous DMF, were activated as imidazolide by treatment with 3 moles of carbonyl di^ 
imidazole. The reaction was carried out at room temperature, and it was complete within about 30 min., as 
evidenced by the end of CO2 evolution in the solution. 
The binding reaction of CDP-choline to the polymeric matrix was effected by admixing the GDP-choline 

15 tetrahexylammonium saif solution with polyacryllc add imidazolidia, in the presence of 4-N-dlmethylamino- 
pyridine (DMAP) in catalytic amounts (- 1 g). The reaction, occuning in homogeneous phase, was left un- 
der stimng at 40*C for 96 hours. After recovering of the solvent by evaporation under vacuum, the 
dried residue was taken up into 5 1 of water and dialyzed against water, using a dialysis membrane having 
a cut-off of 20,000. 

20 The low molecular weight material was thus separated and the imidazole groups still present on the car- 
boxy residues were removed. 

The dialyzed, which could not cross the membrane due to its high molecular weight, was thereafter 
freeze-dried. Binding of CDP-choline to the polymeric matrix occurred in 90% yields. The obtained prod- 
uct is a white amorphous not hygroscopic solid, which is indefinitely stable at room temperature and, dls- 

25 solved in water, yields clear and viscous solutions. The so obtained GDP-choline macromolecutar deriv- 
ative has a molecular weight which may be evaluated in 3 x 10^ by means of gel-filtration measurements 
on Sephadex® G-200 and ultrafiltration on Amicon® XM-300 membranes with rejection of molecular 
species > 3 x 10$ GDP-choline macromolecutar derivative in aqueous solution shows a maximum at 297 
nm, which is typical of GDP-choline N-acylated derivatives, thus evidencing that the active principle, is, 

30 under these reaction conditions, bonded to the polymeric matrix by an amide bond at the level of the ami- 
no group in 4 on the cytoslne nucleus. iH-NMR spectrum in D2O shows, in addition to the broad signals 
of the polymeric matrix in the interval 6 1.1-2.5 (-GHg-GiJ), the GDP-choline signals at 6 7.4 (H-5), 8.4 
(H-6), 6.0 (H-r), 4.4-4.2 (H-2',3',4',5' and GH2 -0-P choline), 3.7 (CH2-N choline), 3.2 (GH3 choline), 
which loose their multiplicity and broaden, being bonded to the polymeric matrix. Particularly, the 1H- 

35 NMR data confirm that GDP-choiine binding to the polymeric matrix occurs at level of the amino group in 
4 of the cytosine nucleus; in fact, the signal of the cytoslne proton in 5 fails at lower fields with respect 
to GDP-choline, analogously to what observed for the other N-acylated derivatives. On the contrary, 
the protons in 2' and 3' of ribose resonate at the same fields as in GDP-choline, confirming that the sug- 
ar hydroxy groups are not esterified. 

40 

"EXAMPLE 2 

45 The procedure of Example 1 was repeated, but the purification process of macromolecular GDP- 
dioline derivative from the DMF solution was carried out by precipitation with 3 volumes of ethyl ace- 
tate. The solid material, washed with 0.5 liters of ethyl acetate, was dissolved in 1 I of H2O and left under 
stining for 24 hours at 40*'G, in order to remove the Imidazole groups possibty present on the carboxy 
functions. 

50 The solution, concentrated on an ultra-filtration device having membranes with cut-off > 100,000 
was freeze-dried. The product obtained presents the same characteristics of the product obtained in Ex- 
ample 1. 



55 
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EXAMPLE 3 

The procedure of Example 3 was repeated but when the binding reaction was over, 0.5 I of ethanol 
were added to the reaction mixture, which was kept for 24 hours at room temperature under stirring. In 
this way the carboxy residues still activated as imidazolides form ester bonds with the alcohol molecules. 
After removal of the solvent under vacuum, the dry residue was dialyzed ag^nst water, using a mem- 
brane having a cut-off of about 50,000. In this way, the low molecular weight components were sepa- 
rated, whereas the GDP-choline derivative remained. 

The obtained product shows spectroscoplcal characteristics similar to that of Example 1, with the ex- 
clusion of the 1H-NMR signals due to the ethyl residues esterifying a part of the acid moieties of the pol- 
ymeric matrix. 
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EXAMPLE 4 

100 Grams of CDP-choline (0.2 mole) were dissolved in 140 ml of a 40% tetrahexylammonium solution 
and freeze-drled. The dry CDP-choline tetrahexylammonium salt was then dissolved in 5 I of anhydrous 

5 DMF. 1.8 Moles of acrylic add. dissolved in 2 1 of anhydrous DMF, were then reacted with 2.5 moles of o 
carbonyldiimidazole up to ceased CO2 evolution. The CDP-choline tetrahexylammonium salt and 1 g of 
DMAP in DMF were added to the acrylic add imidazolide solution, the reaction was kept at room temper- 
ature under stimng for 48 hours. The reaction mixture, analyzed on silica thin layer, using as eluent 
methanokacetic acid:H20 (50:15:35 by volume), showed the presence of CDP-choline di-acylated prod- 

10 ucts, with minor amounts of mono- and tri-acylated species. 

"IVfter evaporation of the mixture up to 1/4 of the volume, the CDP-choline acylated spedes were re- 
covered by precipitation with 3 volumes of ethyl acetate. The product was dried under vacuum in order 
to remove solvent traces; the yield in acylated derivatives of CDP-choline was about 90%. 

100 Grams of the CDP-choline acylated products were dissolved in 6 1 of a 100 mM ammonium formi- 

15 ate buffer, adding 0.5 kg of polyacrylic add and 6 ml of tetramethylethylendiamine (TEMED) ,as a cata- 
lyst for the polymerization reaction; the so prepared reaction was kept under nitrogen flow for 30 min. 
The polymerization was earned out under protected atmosphere adding 10 mmoles of ammonium persul- 
fate; the reaction at 30»C was completed in about 24 hours. The polymerization produd was purified by 
ultra-filtration, using a membrane having a cut-off higher than 5 x 10^. The spedroscopical characterise 

20 tics of the product were analogous to those described in Example 1, the molecular weight, evaluated by 
membrane filtration, was ranging from 5 x 103 and 20 x 103. The yield in the polymerization process was 
higher than 90%. 

EXAMPLES 

25 

100 mg of (5-3H; Met-i^C)CDP-choline (37MBq =1 mCi of 3H and 18.5MBq=0.5 mCi of i^C) tetrahex- 
ylammonium salt, dissolved in 8 ml of anhydrous DMF, were reacted with 4 moles of polyacrylic add imi- 
dazolide (Mw 2.5 X 10S), in the presence of 5 mg of DMAP as a catalyst. The reaction was earned out 
under the conditions of Example 1 and the labelled macromolecular CDP-choline derivative was purified 

30 by ultrafiltration on membranes having cut-off of 5 x 1 0*. 

40 Rats (mean body weight 200 g) were orally administered by gastric tube with a dose of the labelled 
product corresponding to 2 mg of active prindple (740MBq=2O mCi of 3H and370MBq= 10 mCi of i^C). 
The animals (10 per group) were sacrificed at 2, 8, 24 and 48 hours. The plasma, stomach, small intes- 
tine, large bowel, the gastric and intestinal content, liver, kidneys, feces and urine were removed from 

35 the animals and rapidly freezed. The radioactivity level was detemiined on the biological specimens. The 
pharmaco-kinetic pattem showed that CDP-choline was gradually released from the polymeric matrix, 
essentially at level of the small intestine, where the drug was effectively absorbed. After 8 hours, 80% 
of the radioactivity In the small Intestine content was due to CDP-choline still bound to the polymeric ma- 
trix. The distribution pattem of the radioactivity in the organism was comparable to what noticed in the 

40 case of administration of doubly-labelled CDP-choline by the oral route, with the "difference that In the 
case of the macromolecular CDP-choline derivative the radioactivity levels were more prolonged in 
time. The faecal and urinary excretion of radioactivity were extremely poor. 



45 Claims for the Contracting States: BE, CH, DE, FR, GB, IT, U, LU, NL, SE 

1. Macromolecular CDP-choline derivatives wherein CDP-choline is covalently bonded to a polymeric 
matrix containing carboxy groups, by means of amide bonds involving said cartjoxy groups and the NH2 
group in 4 on the aromatic nudeus of the CDP-choline and/or by means of ester bonds between said car- 

50 boxy groups and the OH groups in 2' and 3' of ribose. 

2. Derivatives according to claim 1, wherein the polymeric matrix is selected from polyacrylic adds, 
polymethacrylic, polymaleic, polyamlnoacids. optionally copolymerized acids with polyacrylates, 
polymethacrylates and polyacrylamides. 

3. Derivatives according to claim 1 or 2, wherein CDP-choline is bound to the polycarboxylic polymenc 
55 matrix through an amide bond between the cartDOxy groups of said polymeric matrix and the NH2 group in 

4 of CDP-choline. . ^ , 

4. Derivatives according to daim 1 or 2, wherein CDP-choline is bound to a cross-linked polymenc ma- 
trix through amide bonds between the carboxy groups of the polymeric matrix and the NH2 group in 4 of 
CDP-choline and through ester bonds between said carboxy groups and one of the OH groups in posl- 

60 tion 2' or 3' of ribose. r.i. . 

5. Derivatives according to any one of the claims from 1 to 5, wherein the cariaoxy groups of the poly- 
meric matrix not involved in covalent bonds with CDP-choline, are esterified with a lower alcohol. 

6. A process for the preparation of derivatives of claim 1, characterized in that a CDP-choline salt 
with a lipophilic cation is reacted with polymers containing activated cart)oxy groups, in anhydrous organ- 

65 ic solvents and that the reaction mixture is treated with water or tower alcohols. 
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7. A process according to daim 6, characterized in that a long-chain quaternary ammonium group, 
preferably tetrahexylammonium, is used as lipophilic cation, and that the carboxy groups are activated 
as chlorides, anhydrides or imidazolides. 

8. A process for the preparation of the derivatives of claim 4, characterized in that unsaturated po- 
5 lymerizable acids are copolymerized with lipophilic salts of CDP-choline derivatives N- and/or O-acylat- 

ed, in anhydrous organic solvents. 

9. A process according to daim 8, characterized in that the unsaturated polymerizabie acids are se- 
lected from acrylic, methacrylic, maleic adds and that the polymerization is carried out by radlcaiic catal- 
ysis. 

10 10. Pharmaceutical compositions suited to oral or parenteral administration containing as active princi- 
ples the derivatives of claims 1-5 in admixture with conventional carriers and excipients. 



Claims for the Contracting States : AT, ES, GR 

15 

1 . A process for the preparation of macromolecular CDP-choline derivatives wherein CDP-choline is 
covalently bound to a polymeric matrix containing carboxy groups by means of amide bonds involving 
said carix)xy groups with the NI-I2 group in 4 on the aromatic nudeus of the CDP-choline and/or by 
means of ester bonds between said cariaoxy groups and the Ol-I groups in 2' and 3' of ribose, character- 

20 ized in that a CDP-choline salt with a lipophilic cation is reacted with polymers containing activated car- 
boxy groups, in anhydrous organic solvents and that the reaction mixture is treated with water or lower 
alcohols. 

2. A process according to claim 1, characterized in that as lipophilic cation a long-chaln quaternary am- 
monium group is used, preferably tetrahexylammonium and that the carboxy groups are activated as chlo- 

25 rides, anhydrides or imidazolides. 

3. A process for the preparation of macromolecular CDP-choline derivatives wherein CDP-choline is 
bound to a cross-linked polymeric matrix through amide bonds between the carboxy groups of the poly- 
meric matrix and the amine group in 4 of CDP-choline and through ester bonds between said cart3oxy 
groups and one of the OH groups In position 2' or 3' of ribose, characterized In that polymerizabie un- 

30 saturated adds are copolymerized with lipophilic salts of CDP-choline derivatives N- and/or O-acyiat- 
ed, in anhydrous organic solvents. 

4. A process according to claim 3, characterized in that the unsaturated poiymerizabte adds are se- 
ieded from acrylic, methacrylic, maleic add and that the polymerization is carried out by radlcaiic cataly- 
sis. 

35 

Revendicationa pour les Etats Contractants: BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

1. D6riv6s macromol6culaires de la CDP-choline, dans lesquels la CDP-choline est liee de fagon co- 
valente k une matrice polymere contenant des groupes cari30xy, au moyen de liaisons amide mettant en 

40 jeu lesdits groupes cari^oxy et le jgroupe NH2 en 4 sur le noyau aromatique de la CDP-choline eVtu au 
moyen de liaisons ester entre lesdits groupes carboxy et les groupes OH en 2' et 3' du ribose. 

2. Derives selon la revendication 1, dans lesquels la matrice polymere est choisie pamdi les addes po- 
lyacryliques. poiym^thacryliques, polymal^lques, les polyamlnoaddes, les addes facultativement copo- 
lym^ris^s avec des polyacrylates, polymethacrylates et polyacrylamides. 

45 3. D^rlv^s selon la revendication 1 ou 2, dans lesquels la CDP-choline est li§e h la matrice polymdre 
polycarboxylique par rintemi^diaire d'une liaison amide entre les groupes carboxy de iadite matrice poiy- 
m6re et le groupe NH2 en 4 de la CDP-choline. 

4. D4riv§s selon la revendication 1 ou 2, dans lesquels la CDP-choline est \\6e a une matrice polymere 
rdtlcul^e par Tintemiediaire de liaisons amide entre les groupes carboxy de la matrice polymere et le grou- 

50 pe NHe en 4 de la CDP-choline et par I'intermSdiaire de liaisons ester entre lesdits groupes cart)oxy et 
I'un des groupes OH en position 2' ou 3' du ribose. 

5. Ddrivds selon Tune des revendications ^ k4, dans lesquels les groupes carboxy de la matrice poly- 
mere non mis en jeu dans les liaisons covalentes avec la CDP-choline, sent est§riri6s par un alcool inf6- 
rieur. 

55 6. Proc6d^ de fabrication de d^riv^s tels que d^finis a la revendication 1, caracteris6 par la fait qu'on 
fait r6agir un sel de CDP-choline avec un cation lipophile, avec des polymeres contenant des groupes 
cari}oxy actives, dans des solvants organiques anhydres, et qu'on tralte le melange rdactionnel avec de 
I'eau ou des alcoois Inf^rieurs. 

7. ProcM^ selon la revendication 6, caract^ris^ par le fait qu'on utilise, comme cation lipophile, un 
60 groupe ammonium quaternalre a longue chatne, de pr^f^rence, le tetrahexylammonium, et que les grou- 
pes carboxy sont actives sous forme de chlorures, anhydrides ou imidazolides. 

8. Precede de fabrication des ddriv^s tels que d^finis k la revendication 4, caracterisS par le fait que 
des acides polymerisables insatur^s sont copolym^risis avec des sels lipophiles de derives de CDP- 
choline N- et/ou 0-acyles, dans des solvants organiques anhydres. 
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9- Proo§d6 selon (a revendication 8, caracterise par le fait que les acides polymerisables insatures 
sont, choisis parmi ies acides aaylique, methacrylique, maleique. et que la polymerisation est effectuee 
par catalyse radicalaire. 

10. Compositions pharmaceutiques appropri^es pour une administration orale ou parent6raie conte- 
nant, en tant que princlpes actlfs, les derives tels que d6finls aux revendications 1-5, en m§lange avec 
des supports et exdpients classiques. 

Revendications pour les Etats Contractants: AT, ES, GR 

1. Precede de fabrication de derives macromoleculaires de la CDP-choline, dans lesquels la CDP- 
choiine est llee de fagon covalente a une matrice polymere contenant des groupes carboxy. au moyen de 
liaisons amide mettant en jeu lesdits groupes carboxy avec le groupe NHa en 4 sur le noyau aromatique 
de la CDP-choline et/ou au moyen de liaisons ester entre lesdits groupes carboxy et les groupes OH en 
2' et 3* du ribose, caracteris§ par le fail qu'on fait reagir un sei de CDP-choline avec un cation llpophile, 
avec des polymeres contenant des groupes carboxy activfe, dans des solvants organiques anhydres, 
et qu'on traite le melange reactionnel avec de I'eau ou des alcools inferieurs. 

2. Proced^ selon la revendication 1, caracterise par le fait qu'on utilise, comme cation lipophile, un 
groupe ammonium quatemaire k longue chaTne, de pr6f6rence, le t6trahexylammonlum, et que les grou- 
pes carboxy sont actives sous forme de chlorures, anhydrides ou Imidazolldes. 

20 3. Precede de fabrication de ddrives macromoteculalres de la CDP-choline, dans lesquels la CDPcho- 
line est ll^e k une matrice polymere rdticulee par rintermSdiaire de liaisons amide entre les groupes car- 
boxy de la matrice polymere et le groupe amine en 4 de la CDP-choline et par I'lntermediaire de liaisons 
ester entre lesdits groupes carboxy et Tun des groupes OH en position 2' ou 3" du ribose, caract6ris6 
par le fait que des acides Insatures polymerisables sont copolym6ris6s avec des sels lipophiles de d6ri- 

25 v6s de CDP-choline N- et/ou 0-acyIes, dans des solvants organiques anhydres. 

4. Proc6d6 selon la revendication 3, caracterise par le fait que les acides polymerisables insatures 
sont choisis panmi les acides acrylique, methacrylique, mal6ique, et que la polymerisation est effectu6e 
par catalyse radicalaire. 

30 PatentansprOche fur die Vertragsstaaten: BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

1. Makromolekulare CDP-Cholin-Derivate, dadurch gekennzeichnet, daB CDP-Cholin covalent an ei- 
ne Carboxygruppen enthaltende polymere Matrix mittels Amidblndungen zwischen den genannten Car- 
boxygmppen und der NHa-Gruppe in 4-Stellung auf dem aromatischen Kern des CDP-Cholins und/oder 

35 mittels Esterbindungen zwischen den genannten Cart)oxygnippen und den OH-Gruppen in 2'- und 3'- 
Stellung der Ribose gebunden ist 

2. Derivate nach Anspmch 1. dadurch gekennzeichnet. daB die polymere Matrix aus Polyacrylsau- 
ren, Polymethac^lsauren, Polymaleinsauren, Polyaminosauren, gegebenenfalls mit Polyacrylaten copo- 
lymerisierten Sauren, Polymethacrylaten und Polyacrylamiden ausgew§hlt ist. 

40 3. Derivate nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB das CDP-Cholin an die polymere 
Polycarboxyl-Matrix durch eine Amidbindung zwischen den CariDOxygruppen der genannten polymeren 
Matrix und der NHa-Qruppe in 4-Stellung des CDP-Cholins gebunden ist 

4. Derivate nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB das CDP-Cholin an eine vemetz- 
te polymere Matrix durch Amidbindungen zwischen den Carboxygruppen der polymeren Matrix und der 

45 NHa-Gruppe in 4-Stellung des« CDP-Cholins und durch Esterbindungen zwischen den genannten Car- 
boxygruppen und einer der OH-Gruppen in 2'- oder 3'-Steilung der Ribose gebunden ist 

5. Derivate nach einem der Anspruche 1 bis 4, dadurch gekennzeichnet, daB die Cart>oxygruppen der 
polymeren Matrix, die nicht in covalente BIndungen mit dem CDP-Cholin einbezogen sind, mit einem nied- 
rigen Alkohol verestert sind. 

50 6. Verfahren zur Hersteliung der Derivate nach Anspnjch 1, dadurch gekennzeichnet, daB man ein 
CDP-Cholin-Salz mit einem lipophilen Kation mit aktivierten Carboxygruppen enthaltenden Polymeren in 
wasserfreien organischen L6sungsmittel umsetzt und daB man das Reaktionsgemisch mit Wasser oder 
niedrigen Alkoholen behandelt 

7. Verfahren nach Anspmch 6, dadurch gekennzeichnet, daB eine langketlige quaternare Ammonium- 
55 gruppe, vorzugsweise Tetrahexylammonium, ais lipophiles Kation venivendet wird und daB die Cartjoxy- 

gruppen als Chloride. Anhydride oder Imidazole aktivierl sind. 

8. Verfahren zur Hersteliung der Derivate nach Anspruch 4, dadurch gekennzeichnet, daB man un- 
gesattigte polymerisierbare Sauren mit lipophilen Salzen von CDP-Cholin-Derivaten, die N- und/oder O- 

* acyliert sind, in wasserfreien organischen Losungsmitteln copolymerislert. 
60 9. Verfahren nach Anspruch 8, dadurch gekennzeichnet, daB die ungesattigten polymerisiertDaren 
Sauren aus Acryisaure, Methacrylsaure. Maleinsaure ausgewahit sind und daB die Polymerisation 
durch radikaiische Kataiyse durchgefuhrt wird. 

10. Pharmazeutische Praparate. die fQr die orale oder parenteral Verabreichung geeignet sind, da- 
durch gekennzefchnet, daB sie als Wirtcstoffe die Derivate nach den Anspruchen 1 bis 5 im Gemlsch mit 
65 hericommltehen TrSgem und VerdOnnungsmltteln enthalten. 
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PatentansprOche filr die Vertragsstaaten: AT, ES, GR 

1. Verfahren zur Herstellung von makromolekularen CDP-Cholin-Derivaten, bei denen CDP-Cholin 
covalent an eine Carboxygruppen enthaltende polymere Matrix mittels Amidbindungen zwischen den ge- 

5 nannten Carboxygruppen und der NHg-Gruppe in 4-Stellung auf dem aromatischen Kern des CDP- 
Cholins und/oder mittels Esterbindungen zwischen den genannten Carboxygruppen und den OH-Grup- 
pen in 2'- und 3*-Stellung der Ribose gebunden ist. dadurch gekennzeichnet, daB man ein CDP-Cholin- 
Salz mit einem lipophilen Katlon mit aktivierten Carboxygruppen enthaltenden Polymeren in wasserfreien 
organischen L5sungsmitteln umsetzt und daB man das Reaktibnsgemiscli mit Wasser Oder ntedrlgen Al- 
io kolipjen i^ehandejt. 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB eine iangkettige quatemSre Ammonium- 
gruppe, vorzugsweise Tetrahexylammonium, als lipophiles Kation venAfendet wird und daB die Carboxy- 
gruppen ais Chloride, Anhydride oder Imidazollde aktiviert sind. 

3. Verfahren zur Herstellung von makromolekularen CDP-Cholin-Derivaten, bei denen CDP-Choiin 
15 an eine vernetzte Polymer-Matrix durch Amidbindungen zwischen- den Carboxygruppen der polymeren 

Matrix und der Amingruppe in 4-Stellung des CDP-Cholins und durch Esterbindungen zwischen den ge- 
nannten Carboxygruppen und einer der OH-Gruppen in 2'- oder 3*-Stellung der Ribose gebunden ist, da- 
durch gekennzeichnet, daB man polymerislerbare ungesSttlgte Sauren mit lipophilen Salzen von CDP- 
Cholin-Derivaten, die N- und/oder O-acyliert sind, in wasserfreien organischen L6sungsmitteln umsetzt 
20 4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, dafl die ungesattigten polymerisierbaren 
Sauren aus Acrylsaure, Methacrylsaure, MaleinsSure ausgewahlt sind und daB die Polymerisation 
durch radlkalische Katalyse durchgefOhrt wird. 

25 
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